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ABSTRACT
THE RESPONSE OF BATS TO INTRODUCED TROUT IN NATURALLY FISHLESS
LAKES OF THE SIERRA NEVADA, CALIFORNIA
by Elizabeth Gruenstein

Stocking of trout into naturally fishless water bodies in the mountains of western North
America has reduced populations of many native species in those systems, with benthic aquatic
invertebrates being particularly impacted. Although bats are known consumers of emergent
aquatic insects, almost no studies have focused on how changes to these prey populations at
lakes subsequent to trout stocking could affect them. This study assessed bat activity, foraging
activity, and foraging rate at nine feature-matched pairs of stocked and unstocked high elevation
lakes in the central Sierra Nevada mountains in an effort to determine which provide higher
quality foraging habitat for bats. Bats in the 25 kHz and 50 kHz echolocation call categories
showed little to no behavioral change between lakes with trout and lakes without. In contrast,
bats in the 40 kHz group had higher levels of activity at stocked lakes, which may indicate that at
those lakes bats are consuming numerous small insects. If this is the case, it could represent a
cost to those bats due to the lower energetic return of small prey items compared to the preferred
prey species.
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Introduction
Stocking of trout into naturally fishless water bodies in the mountains of western
North America has had profound negative impacts on native species diversity and trophic
exchange in these systems (Bahls,1992; Finlay & Vredenburg, 2007; Knapp, 1996).
Many organisms with aquatic life stages, such as amphibians and emergent aquatic
insects, have experienced population declines as a result of predation by trout (Knapp &
Matthews, 2000; Pilliod & Peterson, 2001; Pope et al., 2009; Tyler et al., 2008).
Consequently, terrestrial predators that rely on prey from aquatic ecosystems are likewise
affected, including spiders (Benjamin et al., 2011), garter snakes (Lawler & Pope, 2006;
Matthews et al., 2002), and the gray-crowned rosy-finch (Leucosticte tephrocotis
dawsoni), a bird that nests at high elevations (Epanchin et al., 2010).
Among prey species, the abundance, diversity, and biomass of benthic aquatic
invertebrates are particularly impacted by the introduction of trout (Finlay & Vredenburg,
2007; Knapp et al., 2001; Pope et al., 2009). In the Sierra Nevada, Knapp et al. (2001)
found significantly lower numbers of most orders of invertebrates at lakes with fish
compared to those without, including the emergent aquatic insects such as mayflies
(Ephemeroptera) and caddisflies (Trichoptera). Pope et al. (2009) showed that removing
trout from lakes in the Trinity Alps Wilderness increased the abundances of emerging
Ephemeroptera and Trichoptera, as well as overall insect biomass. In these studies, the
only prevalent insects that were found in higher abundance at stocked lakes were small
dipterans, particularly midges (Chironomidae) and mosquitos in the genus Culex, the
larvae of which avoid being eaten by trout due to their small size and which also
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experience lowered predation pressure as fish reduce populations of larger, predatory
insects.
Although many bat species are known consumers of aquatic emergent insects,
almost no studies have focused on how declines in insect abundance, diversity, and
biomass at lakes subsequent to trout stocking could affect them. While Lawler and Pope
(2006) reported impacts to amphibians and other taxa from stocked trout, acoustic bat
activity data they also collected has not been published (Karen Pope, pers. comm.,
January, 2011). High-elevation ecosystems are resource limited, and seasonal pulses of
emergent aquatic insects make up a large part of their overall productivity (Epanchin et
al., 2010; Finlay & Vredenburg, 2007). For the bats in these habitats that depend on
subsidies of insects from the lentic environment, trout stocking in lakes could cause a loss
of high-quality foraging habitat (Joseph et al., 2011; Lawler & Pope, 2006; Pope et al.,
2009).
Bats have been shown to respond to other modifications of aquatic habitats,
especially those that result in changes to insect emergence (e.g., Fukui et al., 2006).
Pipistrellus pygmaeus is more active in naturally vegetated riparian zones than in those
disturbed by agricultural activities (Scott et al., 2010), and emergent insect specialists
Pipistrellus pipistrellus, Myotis daubentonii, and Perimyotis subflavus forage differently
upstream and downstream of sewage outputs (Abbott et al., 2009; Kalcounis-Rueppel,
2007; Vaughan et al., 1996). However, changes to a system may not always result in a
negative effect; for example, when a bat’s prey base includes insects that thrive in
eutrophic conditions, the introduction of sewage into a river could potentially increase the
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river’s value as foraging habitat for that species (Abbott et al., 2009; Vaughan et al.,
1996).
Bats that experience a reduction in insect prey base after trout stocking could
suffer energetic costs as a result of being required to forage for longer time periods or fly
further distances to find suitable prey, which would especially impact bats that are raising
young, as several species do at high elevations. In Yosemite National park, Myotis
lucifugus are found breeding almost exclusively above 2,000 meters (Pierson et al.,
2001). During maternity season (May-August) when females of this species are lactating,
they shorten their average foraging distance so that they can return to a roost to nurse
non-volant young several times during a night; Henry et al. (2002) documented a 42%
decrease in range size after pregnant Myotis lucifugus gave birth and started lactating
(from an average of 30 hectares to 17.6 hectares). A lack of suitable foraging habitat near
a preferred roost would require females to expend more energy foraging and perhaps
spend less time nursing than they would otherwise, which in turn could result in poor
body condition for mothers or offspring (Kurta et al., 1989).
In this study, bat activity, foraging activity, and foraging rate were assessed at
Sierra Nevada lakes with and without stocked trout to determine which provides higher
quality foraging habitat for the various species of bats in these mountains. At least 11
species of bats are commonly found in the Sierra Nevada above 2,000 meters (Pierson et
al., 2001), and they have a wide variety of diets and foraging strategies. I predicted that it
would be the bats that are reliant on emergent aquatic insects that would show a response
to the presence of trout in a lake; they include primarily two species (Myotis lucifugus
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and M. yumanensis, whose small size restricts their diet to smaller prey, and who
echolocate at higher frequencies (40-50 kHz). Larger bats that call at lower frequencies
(8-30 kHz) can take a wider variety of prey items, including large prey (such as moths),
and so may be less impacted by changes to the emergent aquatic insect population
(Waters et al., 1995). Bats that respond to trout stocking could exhibit different levels of
foraging activity over lakes with trout than over those without, or they might change the
timing of their activity throughout the night either as a result of energetic stress (Duverge
et al., 2008) or in response to a shift in peak insect activity. They may also show a
difference in foraging rate, indicating that they are varying their diet to account for shifts
in insect availability (Abbott et al., 2009; Akasaka et al., 2009; Kalcounis-Rueppel, 2007;
Scott et al., 2010; Vaughan et al., 1996).

Method
In July of 2012 and 2013, bat echolocation calls were recorded at 18 lakes, nine
with stocked trout and nine without trout, in the central Sierra Nevada mountains. Lakes
and streams above 1800 meters in the Sierra Nevada were historically fishless (Bahls,
1992; Pilliod & Peterson, 2007), but stocking of non-native trout (mostly rainbow trout Oncorhynchus mykiss, golden trout - O. m. aguabonita, and brook trout - Salvelinus
fontinalis) in Sierran lakes and streams started in the late 1800s to provide food and
recreation for European settlers (Pister, 2001). Stocking ceased entirely in national parks
in 1991 but has continued in national forests; many watersheds within national parks and
throughout the Sierra Nevada support sizeable trout populations (Knapp 1996, Pilliod and
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Peterson 2007). In the first season (July 2012), the study lakes were located in the
northwest corner of Yosemite National Park. In the second season (July 2013), the sites
were located in the southwest corner of the Emigrant Wilderness in Stanislaus National
Forest.
One complication in assessing differences in bat activity is that variables that are
not related to prey abundance, such as weather, proximity to roosting habitat, and nearby
vegetation and landscape features can influence bat behavior in an area (Downs & Racey,
2006; Erickson & West, 2002; Furlonger et al., 1987, Hagen & Sabo, 2011; Hayes,
1997). To reduce as much variation as possible, a block design was used with featurematched pairs (one with trout, one without) of lakes as blocks (Hayes, 1997; Seidman &
Zabel, 2001). Lakes were paired based on elevation, location, area, and depth, and
partner lakes were surveyed simultaneously to reduce the impact of temporal variability.
Paired lakes were no more than two kilometers apart. Study lakes were small (0.2 - 1.8
ha) and located in in granite basins surrounded by conifers, meadows, and rock features.
All of the sites were between 1800 and 2700 meters above sea level, which places them
between the lower montane and upper montane forest zones (Storer et al., 2004). Lake
locations, fish status data, and some variables assessed for covariance (lake depth, lake
area, and lake perimeter) were provided by the Division of Resources Management and
Science of Yosemite National Park, the North Central Region of the California
Department of Fish and Wildlife, and the Mi-Wok Ranger District of Stanislaus National
Forest. Other potential covariates (the distance from the lake to the nearest river, the
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distance from the lake to the nearest lake, and the and the distance from the lake to the
nearest water feature) were computed with Google Earth™ (2013).
For each lake, bat echolocation calls sequences were classified into four phonic
groups based on the characteristic call frequency (Figures 1-4) (Keinath, 2004; Pierson et
al., 2001; Szewczak et al., 2008). Calls were recorded using Anabat II™ detectors and
Zero-crossings Analysis Interface Modules (Z-CAIM)™ recorders (Titley Electronics,
Ballina, New South Wales, Australia), and call data were extracted with CF Read 4.4s™
and processed using AnalookW 4.1b™ (Titley Electronics, http://www.titleyscientific.com/us/index.php/software_firmware), which creates a file showing an acoustic
frequency (kHz) by time display (O’Farrell et al., 1999). After visual assessment of each
file, call sequences were labeled according to their phonic grouping and those labels were
extracted into a text file using the Anabat utility Dataget (after Miller 2001, available at
http://www.msb.unm.edu/mammals/batcall/html/software.html).
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Bat activity was recorded throughout the night and was then organized into three
time periods: Early (1900 - 2300 hours), Mid (2300 – 0300 hours), and Late (0300 – 0600
hours), in order to compare activity levels of each phonic group at different times of the
night. Survey nights were July 11, 12, 13, and 27 in 2012 and July 12, 13, 25, 26, and 27
in 2013. During each survey night, bat detectors were placed at the four cardinal
directions at both lakes in a given pair. Bat activity was recorded from the evening
placement (usually an hour before sunset, but occasionally later) to the morning, when
the detectors were collected. Data collected on nights with low temperatures, high wind
speeds, and/or heavy precipitation were discarded and the area resurveyed as
recommended by Hayes (1997) and Erickson and West (2002). The acoustic activity
index described in Miller (2001) was used to reduce the chance of over- or
underestimating the activity of a given species; a survey period is separated into 1-minute
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blocks and then overall bat activity is defined as the number of minutes in a survey period
that contain at least one echolocation call sequence. Echolocation call sequences are
defined as a series of two or more consecutive echolocation clicks produced by a bat as it
flies within range of the detector (Fenton, 1977; Hayes, 1997; Johnston, 2002). Foraging
activity was identified by visually assessing Analook files for the presence of foraging
attempts known as “feeding buzzes” (Figure 5) which are identified as sequences in
which echolocation clicks come closer and closer together as a hunting bat zeroes in on
its prey (Griffin et al., 1960, Johnston 2002). Foraging effort was computed by
comparing the ratios of foraging activity to overall activity (feeding buzzes per unit of
activity) between treatments and among time periods and phonic groups.
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For each of the three dependent variables (overall bat activity, foraging activity,
and foraging effort), a three way ANCOVA or ANOVA (Zar, 1999) was used to
determine if a significant difference in the dependent variables existed among phonic
groups, time period of activity, and whether or not lakes were stocked. The independent
variables were trout stocking (Yes/No) and time period (Early, 1900-2300 hours; Mid,
1300-0200 hours; and Late, 0200-0500 hours). Each pair was considered a block. The
measured variables were number of minutes of overall activity and the number of
minutes of foraging activity. A two-way ANCOVA was used to analyze sets of data for
which significant covariates were present, and a two-way ANOVA was used where no
covariates were found to have significant effects. The variables assessed for covariance
were lake depth, lake area, lake perimeter, the distance from the lake to the nearest river,
the distance from the lake to the nearest lake, and the distance from the lake to the nearest
water feature (whether a river or lake). Levene's tests were conducted for each ANOVA
or ANCOVA to test for the assumption of homogeneity of variance; for all tests the pvalue was greater than 0.05.
Invertebrate populations were assessed to evaluate the potential prey base for bats
and to see whether the lakes reflect the overall trend of changes to invertebrate
populations. Insect traps were placed at the lakes at the same times and roughly the same
locations as the bat detectors and collected in the morning when detectors were collected.
In 2012, I used floating emergence traps (Epanchin et al., 2010; Rainey. 2006,), and in
2013 switched to sticky traps (Collier & Smith 1994). Emergence traps were round,
floating 0.25 m2 traps constructed of wire, bicycle tubes, and 0.3 mm white mesh. Sticky
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traps were constructed of one 8.5 x 11 inch transparency sheet bent into a cylindrical
shape and covered with liquid Tangle Trap (Tanglefoot, Grand Rapids, MI). Insects in
these traps were collected, identified to order (Bland, 2010) and preserved in 70%
ethanol. To determine if the relative abundances of insect orders at the stocked and
unstocked lakes reflected trends found in other studies, differences in the ratio of small
(<3mm) to large (>3mm) insects were assessed using an ANCOVA. The independent
variable was trout stocking (Yes/No). Lake depth, lake area, lake perimeter, the distance
from the lake to the nearest river, the distance from the lake to the nearest lake, and the
distance from the lake to the nearest water feature (whether a river or lake) were included
as covariates.

Results
In 18 survey nights (nine total nights, two lakes per night) 7889 minutes of bat
activity, with 4249 minutes of foraging activity, were recorded within three phonic
groups of bats. Calls from bats in the 10 kHz group were recorded at nearly every lake,
and audible echolocation calls (most likely from spotted bats, E. maculatum) were
routinely heard over study areas; however, the number of calls was insufficient for
analysis.
A three-way ANOVA indicated that the three phonic groups responded differently
in total activity between lakes with and without stocked trout and total bat activity
differed among the three time periods (Table 1).
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The significant stocked and phonic group interaction (F = 10.120, df = 2, p <.001)
indicated that the three phonic groups of bats reacted in different way to the stocking of
lakes; bats in the 40 kHz phonic category had considerably more activity at lakes where
stocked trout are present, the 50 kHz phonic group showed a slight increase at stocked
lakes, and the 25 kHz group showed almost no difference (Figure 6).



;<

)&@2') ('&#!=4+- 1'""('(#7$#""(&(#"#&
((#( (*(-#('(')&*- '2
$""(*& '(")!&#!")('#(*(-5!")('+(
# #(#" '%)"'&#&62 "$""(*& '&'(#5-'#&"#6
"$#"&#)$5<?./>:./"?:.62 $&+')'' #2
#""&'&C?F2

The non-significant Stocked*Time Period*Phonic Group interaction implied that the
responses of the three phonic groups to stocking did not vary among the three time
periods (F = 1.116, df = 4, p = .352). The non-significant interaction between the stocked
and time period variables suggested that stocking did not affect the levels at which bat
activity in general occurred over the course of the survey night, although the power for
this test was relatively low (F = 337, df = 2, p = .714; power =.103 ). The non-significant
phonic group and time period interaction means that the bats in the three phonic
categories did not change their activity in different ways during the three time periods (F
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=;4@=A, df = 4, p = .493). Total bat activity varied significantly (F =9.385, df = 2, p <
.001) between time periods; the planned comparisons between Early, Mid, and Late
showed that the combined mean of bat activity during the Early and Late periods was
significantly greater then the mean activity in the Mid period (F = 6.736, df = 1, p =
.010), and that the mean activity level during the Early period was significantly higher
than during the Late period (F = 12.034, df = 1, p < .001, Figure 7). Lake pair was found
to be a significant block effect, indicating that the blocking parameters (elevation,
location, area, and depth) could have significantly impacted results if they were not taken
into account (F =5.905, df = 8, p < .001). Lake depth, area, perimeter, and the distance of
the lake to the nearest river were assessed as covariates, but none was a significant
correlate at the 0.05 level.
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A three-way ANCOVA showed that levels of foraging activity differed among the
three phonic groups at stocked and unstocked lakes and among the three time periods
(Table 2). 
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The significant stocked and phonic group interaction (F = 12.520, df = 2, p < .001)
indicated that foraging activity for each of the three phonic groups of bats varied in
response to stocked trout in the lakes; bats in the 40 kHz phonic group had higher
foraging activity at lakes with stocked trout, bats in the 50 kHz phonic group showed a
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slight increase in foraging activity at stocked lakes, but the 25 kHz group showed no
change or slightly higher levels of foraging activity at unstocked lakes (Figure 8).
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In addition, the significant interaction between phonic group and time period (F = 2.906,
df = 4, p = .024) showed that the three phonic groups of bats have different patterns of
foraging activity over the course of the night; the highest levels of 40 kHz foraging
activity occurred in the Early and Mid time periods (1900 – 2300 hours and 2300 – 0300
hours), the highest levels of 50 kHz foraging activity occurred in the Mid time period
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(2300 – 0300 hours) and levels of foraging activity for the 25 kHz group did not change
significantly throughout the night (Figure 9).
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The non-significant Stocked*Time Period*Phonic Group interaction implied that
the responses of the three phonic groups to stocking did not vary significantly among the
three time periods (F =.966, df = 4, p = .428). The non-significant interaction between
the stocked and time period variables (F =1.085, df = 2, p = .341) suggested that stocking
did not influence the time period in which the foraging activity of all bats occurred,
although the power for this test was relatively low (power = .237). Lake pair was found to
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be a significant block effect (F =5.772, df = 8, p < .001), which indicated that the
blocking parameters (elevation, location, area, and depth) could have significantly
impacted results if they were not taken into account. There was a slight, positive
correlation between lake area and the amount of feeding activity (r = .201, n = 162, p <
.05), while there was a slightly negative correlation between foraging activity at a lake
and the distance of that lake from the nearest river (r = -.083, n = 162, p < .01).
A three-way ANOVA showed that foraging effort among the three phonic groups
varied with respect to whether or not the lakes were stocked but did not vary among time
periods (Table 3).
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The significant stocked and phonic group interaction (F =3.653, df = 2, p = .029)
indicated that the presence of stocked fish caused different reactions among the phonic
groups: 25 kHz bats had a slight increase in foraging effort at lakes that did not have
stocked trout, 40 kHz bats increased their foraging effort substantially at lakes with
stocked trout, and 50 kHz bats show almost no change (Figure 10).



)&;:2') ('&#!=4+- 1'""('(#7$#"&#)$
"(&(#"#&#&"#&(#('(')&*- '2
$""(*& '(&(##(")!&#!")('##&"(*(-(#
(")!&#!")('#(#( (*(-2 "$""(*& '&'(#5-'#&"#6
"$#"&#)$5<?./>:./"?:.62 $&+')'' #2
#""&'&C?F2



<:

The non-significant Stocked*Phonic Group*Time Period interaction (F =1.249, df = 2, p
= .290) indicated the responses of the three phonic groups to stocking did not vary
significantly among the three time periods (F =.831, df = 4, p = .508). The nonsignificant interaction between the time period and the stocking variable (F =.471. df = 2,
p = .176) implied that stocked trout do not affect the level of foraging effort for bats as a
whole over the course of the night (F =.757, df = 2, p = .471). The non-significant
interaction between time period and phonic group means that the bats in my three phonic
categories don’t change their foraging effort in significantly different ways during the
three time periods (F =.931, df = 4, p = .448). Overall, foraging effort did not vary
between time periods (F =1.249. df = 2, p = .290); while the power is relatively low
(power = .268), the p-value is much higher than 0.05 so it is likely that there is no real
difference. Lake pair was found to be a significant block effect, indicating that the
blocking parameters (elevation, location, area, and depth) could have significantly
impacted results if they were not taken into account (F =4.531, df = 8, p < .001). Lake
depth, area, perimeter, and the distance of the lake to the nearest river were assessed as
covariates, but none was a significant correlate at the 0.05 level.
The ANCOVA suggested that stocking did not appear to change the abundances
of insect orders at the study lakes (Table 4). The stocked effect was not significant (F =
2.111, df = 1, p = .203) which indicated that the relationship between small dipterans and
large aquatic insects did not differ between stocked and unstocked lakes. However, the
frequencies for insect captures were very low (Table 5) and the extremely low power of
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this analysis (power = 0.203) indicates that a larger sample size and higher capture rates
are needed to address this question.
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Discussion
Bats change their foraging behavior in response to modifications of aquatic
ecosystems that affect their prey base (Abbott et al., 2009; Kalcounis-Rueppel, 2007;
Scott et al., 2010; Vaughan et al., 1996). The results of my study support this conclusion;
bats in the 25 kHz (Eptesicus fuscus, Lasiurus cinereus, Lasionycteris noctivagans,
Tadarida brasilienses, and Myotis evotis) and the 50 kHz (M. californicus and M.
yumanensis) categories did not have significant behavioral changes with respect to the
trout status of a lake, which implies that the prey base of these bat species is not being
impacted by the trout in these lakes. In contrast, bats in the 40 kHz group (M. lucifugus
and M. ciliolabrum) displayed greater activity at lakes with stocked trout, suggesting that
bats in this phonic group use the kinds of insects that are present at lakes with trout.
Since M. lucifugus is very active over aquatic habitats, forages on aquatic insects, and is
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common above 2,000 feet in the Sierra Nevada, whereas M. ciliolabrum is not associated
with aquatic habitats and is not common in this area, the majority of calls recorded in the
40 kHz category can likely be attributed to M. lucifugus, indicating that this species
showed a strong response to stocked trout (Clare et al., 2011; Ober & Hayes, 2008;
Pierson et al., 2001, Rodriguez & Ammerman, 2004).
The timing of bat activity changed throughout the night in unexpected ways, but
the stocked status of the lakes did not influence the temporal pattern. Bats that depend on
crepuscular swarms of insects generally follow a bimodal activity pattern, with a peak at
dusk and a second peak at dawn (Hayes, 1997; Rydell et al., 1996); however, in this
study, foraging activity for 40 kHz and 50 kHz bats stayed relatively high from sunset to
0200 hours and then dropped off in the early morning. This could be attributed to the fact
that all surveys took place at the height of maternity season, when the energetic and
logistic demands of lactation mean females will forage for longer periods of time and also
return to the roosts several times a night to nurse young (Henry et al., 2002). Activity
levels for bats in the 25 kHz category remained constant, and relatively low, throughout
the night; bats that feed on insects that do not swarm at dusk or dawn do not tend to
follow a bimodal pattern, and any peaks in activity may not have been recorded in this
group because most of their foraging takes place away from the lakes (Jones & Rydell
1994).
Changes in the aquatic environment should not elicit a behavioral response from
bats that do not concentrate their foraging on aquatic insects, and this was reflected in the
lack of response from bats in the 25 kHz group. E. fuscus, L. cinereus, L. noctivagans,
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and M. evotis prefer prey of terrestrial origin such as Lepidopterans and non-aquatic
Coleopterans (Agosta, 2002; Barclay, 1991; Ober & Hayes, 2008; Rainey et al., 2006). T.
brasiliensis is a generalist with a wide diet; although this bat will take advantage of large
swarms of aquatic insects, it also appears to prefer large, terrestrial prey (McWilliams,
2005; Whitaker et al., 1996). Relatively low levels of foraging activity coupled with
consistent foraging effort indicated that bats in this group were probably pursuing prey
that are occasionally present at lakes regardless of fish status. A diet analysis would
confirm that the prey base of these bats is not impacted by trout stocking.
Bats in the 40 kHz and 50 kHz group have varied diets and foraging strategies;
that a significant response was seen from the 40 kHz group but not the 50 kHz group
highlights an issue with grouping bats by echolocation call frequencies and not by
feeding guild or species. M. lucifugus (40 kHz) and M. yumanensis (50 kHz) are known
to concentrate on emergent aquatic prey (Clare et al., 2011; Ober & Hayes, 2008). M.
californicus (50 kHz) forages along the edges of trees, often at canopy height, where it
will opportunistically feed on small insects which may or may not be of aquatic origin
(Harvey et al., 2011; Ober & Hayes, 2008). There are few diet records for M.
ciliolabrum (40 kHz), but it is known to forage over rocky bluffs and cliffs, and the
closely related Myotis leibii, consumes moths, beetles and flies (Johnson et al., 2012;
Moosman et al., 2007; Rodriguez & Ammerman, 2004). M. ciliolabrum probably
showed no response to trout presence, but that information was overwhelmed by calls
from M. lucifugus. Correspondingly, M. yumanensis, which specializes on emergent
aquatic insect prey, may have shifted behavior in response to trout, but that signal was
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lost when mixed with calls from M. californicus, which does not. Using a full-spectrum
analysis to separate these species from one another should yield more definitive results.
The higher levels of overall activity, foraging activity, and foraging effort from
the 40 kHz group of bats at lakes with trout indicated that these lakes provide suitable
foraging habitat for at least one of the bat species in this group, most likely M. lucifugus.
This could be the result of two alternate scenarios. It may be that at my study sites, the
preferred prey base of these bats has remained abundant even in the presence of trout.
Alternatively, the results could indicate a decline in the quality of the foraging habitat at
lakes with trout, even when the high level of foraging activity at these lakes is taken into
account.
Although levels of bat activity in an area can be influenced by proximity to roosts
and environmental and landscape features, this study was designed to minimize the
impact of those variables, so it is unlikely that the stocked lakes presented higher quality
habitat independent of their fish status. My analyses showed that in every case, the lake
pair effect was highly significant, which indicates that the pairs of lakes were
significantly different from each other in terms of the blocking parameters (elevation,
location, area, and depth), and only lake area and the distance of the lake to the nearest
river were found to be significant covariates in terms of foraging activity. When these
factors were taken into account, bats in the 40 kHz category still showed a response to the
presence of trout in lakes.
The significantly higher levels of foraging activity from M. lucifugus at stocked
lakes suggests that the preferred insect prey of these bats was more abundant at these
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lakes than those without fish. However, studies in mountain ecosystems have consistently
shown that Ephemeroptera and Trichoptera are reduced in the presence of trout, often
substantially so; Epanchin et al. (2010) found that lakes with fish had almost 98% fewer
mayflies relative to those without fish. For bats that specialize in aquatic ecosystems,
ephemeropterans and trichopterans are important prey items; M. lucifugus (as well as M.
yumansensis) rely heavily on these insects during the summer breeding season (Anthony
& Kunz, 1977; Clare et al., 2011; Johnston, 2002). Although this study was unable to
corroborate this trend due to insufficient insect data, it is unlikely that the ecosystems of
the study lakes would be atypical in their response to trout.
Evidence suggests that M. lucifugus exhibited higher levels of foraging activity
and foraging effort at lakes with trout because they were consuming large numbers of
small insect prey. Finlay and Vredenburg (2007), Knapp et al. (2007), and Pope et al.
(2009) found increased abundance of small (<3 mm) dipterans at lakes with trout, and
these are known prey of M. lucifugus (Anthony & Kunz, 1977; Clare et al., 2011; Ober &
Hayes, 2008). Foraging effort (feeding buzzes per unit of overall activity) indicates the
number of prey items taken in a given time period; because a higher number of small
prey than of large prey are needed to satisfy energy requirements, a bat hunting relatively
small insects will exhibit greater foraging effort than a bat eating higher-calorie insects
(Gonsalves, 2013).
It is unknown whether abundant small dipterans represent a high-quality prey
base for M. lucifugus, or if scarcity of larger, preferred prey is driving compensatory
feeding on smaller prey (Cruz-Rivera & Hay, 2000). Optimal foraging theory predicts
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that relatively unprofitable prey items will be included in a predator’s diet only as more
profitable prey becomes unavailable (Davies, 1977), but some studies have found that the
inclusion of small prey items is positively correlated with their abundance (Turner, 1982).
The relative abundance and swarming behavior of small dipterans will decrease the
amount of energy bats spend pursuing them; however, this may not offset their small
size; Turner et al. (1982) showed that the inclusion of many small items in the diet of
foraging swallows resulted in a decrease in their energy gain rate.
In order to implement meaningful conservation strategies for bats in the Sierra
Nevada, it is important to decisively establish whether small dipterans are the prey base
for aquatic insect specialists at lakes with stocked fish, as the results of this study suggest,
and, if so, whether this situation represents a cost to those bats. Finlay and Vredenburg
(2007) found that, due to the lack of large-bodied ephemeropterans and trichopterans and
in spite of higher numbers of small dipterans, the biomass of emergent insects from lakes
with trout was 19 times lower than the biomass flux at trout-free lakes; with such reduced
biomass, bats may be unable to satisfy their energetic needs. A dietary study of the of M.
lucifugus guano in these areas would reveal the actual consumed prey, and an analysis of
the caloric content of those prey items would show whether bats are able to meet their
energy requirements.
This is especially important for bats under the increased energetic demands of
pregnancy and lactation (Kurta et al., 1989). Although dipterans are known prey of M.
lucifugus, there is evidence that higher-calorie ephemeropterans are the preferred prey
base during breeding (Anthony & Kunz, 1977). In Southwestern Ontario, Clare et al.
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(2011) found that while small dipteran species comprised 63% of the diet of M. lucifugus
during pregnancy, ephemeropterans made up 66% of their diet during lactation.
Consumption of small dipterans by bats in my study area at the height of maternity
season (July, when bats are most likely lactating) may be evidence of compensatory
feeding driven by the unavailability of more profitable prey, and animals in this situation
have been shown to have reduced survivorship, growth, and fecundity (Cruz-Rivera &
Hay, 2000).
The results of this study can inform management decisions; because there is
evidence that trout in lakes lower the quality of foraging habitat for some bats, then
removal of trout from those systems should benefit affected species. Although M.
lucifugus is a relatively common and abundant North American bat, eastern U.S.
populations of this species have been particularly impacted by white-nosed syndrome
(Harvey et al., 2011), and as the syndrome spreads west, conservation or restoration
efforts focused on this species may become essential.
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